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[Claim(s)] 
[Claim 1] 

An inspecting apparatus utilizing NQR said apparatus consisting of (1) an RF signal 
generator, (2) a resonance circuit which inputs and resonates the RF signal generated, 
and (3) a coil which is a part of the resonance circuit and irradiates RF 
electromagnetic wave for NQR, said apparatus having a means to adjust the resonance 
circuit, prior to inspection, to the correct resonance point which is determined by 
searching the resonance points by (a) a means to irradiate RF electromagnetic wave 
emitted from the coil onto the object to be inspected, (b) a search coil which measures 
the emitted electromagnetic wave in the vicinity of the RF irradiation coil, and (c) a 
means to find the resonance point by tuning the resonance circuit to obtain the highest 
intensity of electromagnetic wave detected by the search coil. 

TECHNICAL FIELD 

[0001] [Industrial Application] This invention relates to an inspection apparatus for 
detecting non-destructively a certain material from the mixture of many kinds of 
materials in an inspected object, in particular, an apparatus which utilizes nuclear 
quadrupole resonance (NQR). 

PRIOR ART 

[0002] [Description of the Prior Art] X-ray inspection system, which is 
conventionally used as an inspection apparatus to find dangerous substances for 
inspecting the carry-in baggage and transportation materials on aircraft, is normally 
comprised a X-ray generator, X-ray transmission slits, a conveyor belt for moving 
inspecting objects, a line sensor which detects X-rays penetrated through the object, 
and a monitor television which displays the transmission image. As such, X-ray 
inspection system can detect materials having a large X-ray absorption coefficient 
such as metallic swords and metallic small arms, as clear images on the television 
monitor, and is used for the prevention of aircraft hijack. 

EFFECT OF THE INVENTION 

[*** this section not found in the Japanese version.***] [Effect of the Invention] In 
the inspection of airport luggage, the objects to be detected have various sizes and 
configurations, are intermingled with other objects made of the same material, and are 
packed in a suitcase. Therefore, the mechanism with which the inspection apparatus 
is quickly tuned to detect the inspection objects is necessary. This invention enables 
the automatic tuning of the inspection apparatus so that the apparatus is quickly 
prepared to scan the individual inspection objects. 

TECHNICAL PROBLEM 



[0003] [Problem(s) to be Solved by the Invention] With the aforementioned 
conventional technology, it is difficult to detect arms and dangerous goods which do 
not have metal components and have various shapes, such as plastic bombs. 
Moreover, X-ray inspection system has difficulty in acquiring the depth information 
of the object in a luggage, due to the fact that the detection method relies on the two 
dimensional image on the monitor screen. Hence, the open-inspection of baggage and 



the removal of suspicious objects is time-consuming and can become a dangerous 
operation In order to solve the problems, a new apparatus for non-destructive 
detection has been developed. 

The new inspection apparatus uses NQR which enables obtaining the resonance signal 
by simply applying RF magnetic wave instead of static magnetic field onto the 
materials of the dangerous goods. The substances which have NQR properties are 
well known. Chlorine and nitrogen are the typical examples. 

r m , aP ?£T S USing nuclear - ma g ne tic-resonance (NMR), normally a static magnetic 
field (~ 1000 gauss - tens of thousands of gauss) has to be applied, which may result 
in destroying a magnetic object or an electronic circuit, and thus it is unusable as an 
inspection apparatus. NQR requires application of RF magnetic wave having a weak 
magnetic field, instead of a strong static magnetic field, and thus it is suitable for 
luggage inspection. 

[0004] For applying NQR to an inspection apparatus, there are various technical 
problems to overcome. One of the examples of the problems is the change of 
resonance frequency. In order to cause NQR phenomenon, it is necessary to irradiate 
RF magnetic field having a resonance frequency characteristic of the material to be 
detected. An irradiation coil is necessary to apply the RF magnetic field for NOR 
measurement. In practice, the irradiation coil needs to be a large cylindrical coil in 
which inspection objects are placed. For the irradiation of RF signal, it is desirable to 
utilise electric resonance phenomena. As well known, resonance phenomena uses 
serial or parallel circuits of L, C and R components. A solenoid coil has the role of the 
L component in this circuit. The L component of a solenoid coil is determined 
electrically by the number of winding of the coil wire itself, its shape and size The L 
component also depends on the electric properties of the space in the coil Here 
electric properties mean the properties such as the change of the magnetic' 
permeab.l.ty caused by the existence of an inspection object, and generation and 
change of the various stray impedance between the coil and the inspection object (i e 
generation and change of the stray capacitance and stray inductance) From this 
viewpoint, it is easily understood that, when the apparatus is going to inspect various 
objects placed inside of the coil, L and C components will change due to the electrical 
properties of the objects. The change of L and C components causes a change of 
resonance frequency, leading to decrease in the irradiation power at the characteristic 
resonance frequency, causing reduction of NQR-detection sensitivity. Therefore it is 
essential to attain the maximum resonance at characteristic resonance frequencies 
regardless of the type of the inspection objects. 

[0005] The purpose of this invention is to offer the inspection apparatus which 
enables irradiation of the RF signal at characteristic resonance frequencies with the 
maximum irradiation power, even if various types of objects are placed within the RF 
coil. 

MEANS " ~ 

[Means for Solving the Problem] ~ " " 

[0006] In this invention, an inspecting apparatus utilizing NQR. which consists of an 

Kh s.gnal generator, a resonance circuit which inputs and resonates the RF signal 



generated, and a coil which is a part of the resonance circuit and irradiate RF 
electromagnetic wave for NQR, is designed so that the said apparatus has a means to 
adjust the resonance circuit, prior to inspection, to the correct resonance point which 
is determined by searching the resonance point by (a) a means to irradiate RF 
electromagnetic wave emitted from the coil onto the object to be inspected, (b) a 
search coil which measures the emitted electromagnetic wave in the vicinity of the 
irradiation coil, and (c) a means to find the resonance points by tuning the resonance 
circuit to obtain the highest intensity of electromagnetic wave detected by the search 



OPERATION 



[0007] [Function] According to this invention, the tuning point corresponding to the 
existence of the inspection object can be detected prior to the inspection, by tuning the 
frequency of the emitted RF magnetic wave so that the intensity of the 
electromagnetic wave in the vicinity of the emission coil becomes the highest As a 
result, the correct resonance signal in NQR can be measured during baggage 
inspection. 6 && a e,^ 

EXAMPLE 

[0008] [Example] Drawing 1 shows a schematic diagram of the present invention a 
NQR mspect.on apparatus having an automatic-tuning function. The inspection 

tnHTTZ 515 °! CylindriCal C0U 1 im ° Which lu ^ e can be inserted I in the 
interior .the : RF pulse generator 3, a measuring circuit 4, switch 5, the coil tuning 

circuit 6, the tuning drive 7, a search coil 8, the electromagnetic-wave-intensity 

measuring circuit 9, and a controller 10. In this configuration, the cylindrical coil 1 is 

to irradiate RF magnetic wave onto the object, as well as to receive the resonance 

signal The switch between the two functions of the coil, ie, transmit ion and 

reception of the signal is performed by switch 5. At the time of irradiation, the RF 

pulse from equipment 3 is irradiated into the cylindrical coil 1 through switch 5 The 

resonance signal received by the cylindrical coil 1 at the time of measurement is fed 

into a measuring circuit 4 through switch 5. 

[0009] A tuning circuit 6 has a capacitance of the series connection or parallel 
connection w.th the coil 1. By changing the capacitance, the resonance frequency 
which matches the characteristic resonance frequency of the material to be detected is 
determined. The coil 1 irradiates the RF electromagnetic field having the thus 
determined frequency onto the luggage inside the cylindrical coil 1. The tuning 
control section 7 tunes the capacitance of the circuit 6 for tuning into the characteristic 
resonance frequency. The characteristic resonance frequency can be input manually 
by an operator or automatically by a computer. 

[0010] With the above configuration, the resonance frequency which suits a particular 
inspection object is given to the tuning control section 7. The tuning control section 7 
changes the capacitance of the tuning circuit 6 so that it resonates at this resonance 
frequency. If the inspection purpose is the same, this tuning condition will remain 
nmahzed even if me luggage is changed. Switch 5 is switched between irradiation 
and detection of RF magnetic wave in turn for every object. 



[001 1] This operation of switching irradiation and detection of RF magnetic wave in 
turn is a normal procedure for the NQR method, and is not a feature of this invention. 
The feature of the invention lies in the tuning mechanism of resonance frequency to 
obtain an optimum detection condition for each luggage, which is attained by a search 
coil 8, a measuring circuit 9, and a controller 10. 

[0012] The search coil 8 is installed near the cylindrical coil 1 . Whenever inspection 
objects interchanges, the initial RF signal is sent to the cylindrical coil 1 through the 
components 3, 5 and 6, and is irradiated onto the inspection object. The resonance 
frequency of the resonance circuit is supposed to match the initial setting value of 
characteristic resonance frequency F0, however, the frequency is often changed due to 
the electrical properties of the inspection object. For this reason, it is required to see 
whether it matches the resonance frequency, and if it does not, it is necessary to tune 
the frequency. Under the initial setting conditions, due to the influence of the luggage 
in the coil, the resonance frequency of a resonance circuit has a different resonance 
frequency fO from the NQR resonance frequency F0. By keeping the initial 
conditions, RF magnetic wave having a frequency of F0 is irradiated. The intensity of 
the RF electromagnetic wave is immediately measured by the search coil 8. The 
intensity measured, P0, is sent to circuit 9 where the intensity value is stored. Next, 
the controller 10 gives instruction to shift the frequency to fO + df, and control the 
circuit 6 through the component 7. Under this condition, the RF magnetic wave 
having a frequency of FO is irradiated once again. Then, the search coil measures the 
intensity of the magnetic field, PI. By repeating the procedure, further change is 
made to the resonance frequency into fD +2df, fO + 3df, ... fO + ndf, and the intensity 
values of the magnetic field are stored as P2, P3, Pn. Likewise, the resonance 
frequency is changed toward lower values into fO -2df, fO - 3df, ... fO - ndf, and the 
intensity of the magnetic field is measured as P2. P3 Pn. 

[0013] When the series of measurement is completed, the intensity P is plotted against 
the change in f, and the f value which gives the highest P value is found. This f value 
is the true resonance frequency. At this frequency, the resonance system including 
the cylindrical coil is coupled with the NQR resonance frequency F0. Using the 
frequency, the resonance circuit 6 is tuned. And thus the resonance point is found and 
set for the new luggage. After the procedure, the inspection of the luggage is carried 
out by switching the switch 5 in turn for irradiation and measurement. It is possible to 
shorten the tuning procedure by making a change of f-value automatically. 

[0014] Drawing 2 shows a practical diagram of this invention. The measuring circuit 
4 and the switch 5 are omitted in the drawing. A tuning circuit 6 consists of the 
variable-capacitance Cr for alignment, and the capacitance Cm for impedance 
matching. The cylindrical coil 1 has an inductance L. The series resistance component 
r in a coil 1 represents a part of the resistance loss in this circuit. The tuning control 
system 7 comprises a motor drive 7-1 and a motor 7-2. The measuring circuit 9 
consists of an amplifier 9-1 and an A-D converter 9-2. In this composition, tuning is 
carried out first by the controller 10 sending an instruction to the motor drive 7-1, and 
then the motor 7-2 changing the Cr. 

[0015] As shown in Drawing 1, the coil 1 is made large enough to accommodate 
suitcases, bags, etc. In order to generate sufficient energy to cause NQR within such a 



large-sized coil, the RF pulse generator 3 needs to have a high power amplifier of 
about lkw-lOkw. Since the voltage generated in the resonance circuit which operates 
with such power turns into as high voltage as several 100V - lOkV, high voltage 
capacitors or high voltage vacuum variable condensers are used for Cr and Cm. 

The resonance frequency fO in the circuit in Drawing 2 is [Equation 1], 




CrCm 
Cr + Cm 



and input-impedance Z is [Equation 2]. 

Zb ^ — • • 

r Cm* (2 it f b) 2 

[0016] When an inspected object is inserted into the coil of such a resonance circuit, L 
and C values are changed, and the frequency shifts from fO to f 0 as shown with a 
broken line in figure 3. The magnitude and direction of the shift of the resonance 
point depends on the size, shape, and the material of the inspected object. 

In order to match the shift of this resonance frequency with the NQR resonance 
frequency at inspection and to keep the impedance of a resonance circuit constant, it 
is necessary to compensate Cr for the shift in L, as evident in the Equations 1 & 2. 

[0017] The optimization of Cr can be done as follows. As seen in Drawing 3. if an 
inspected object is inserted into a coil and the resonance point moves, the impedance 
at the target frequency fO will fall from Z0 to Z\ If a coil 1 is driven at the frequency 
of fO at this time, the reflection of electric power caused by impedance mismatching 
reduces the power supplied to the coil 1, leading to the decrease in the intensity of 
electromagnetic field in the coil 1, resulting in the reduction of RF current induced in 
the search coil 8. Therefore, a coil can be resonated at the target frequency fO by 
adjusting Cr so that the current which is induced in the search coil 8 is at the 
maximum. 

[0018] Now, presuppose the controller 10 is a microcomputer which operates by 
executing programs. A tuning operation program is one of the programs of the 
controller 10. This program is for finding the maximum irradiation electromagnetic 
wave intensity which is the purpose of this invention. If the tuning operation program 
is started, a controller 10 will send a trigger signal to the RF pulse generator 3. and 
will send a RF pulse to the coil 1 . The electromagnetic wave generated with the coil 1 
will cause induction of an RF current in the search coil 8, which magnitude 
proportional to the intensity of electromagnetic wave generated. The induced RF 
current is amplified with amplifier 9-1 and detected, further changed in A-D converter 
9-2 into digital data of the electromagnetic wave intensity generated in coil 1. A 
controller 10 reads this and stores it in an internal memory as the first data point. A 
controller 10 sends a trigger signal to the RF pulse generator 3 again, after driving a 
motor 7-2 so that only the amount of fine tuning defined beforehand will change Cr. 
The electromagnetic wave intensity then obtained by the search coil 8 is compared 
with that in the last measurement. When the measurement data obtained by the 2nd 
measurement is larger than the last measurement data, then the motor is advanced 



further. Conversely, a motor is made to rotate backwards when the 2nd data is smaller 
than the last measurement. The above operation is repeated and continues motorised 
operation to the point that electromagnetic wave intensity is at a maximum. 
According to the example of this drawing 2, compared with drawing 1, search for a 
peak point can be performed continuously. 

[0019] Drawing 4 is a practical example of the system diagram which has the feature 
for carrying out the automatic regulation of the capacitance Cm. The motor 7-4 to 
drive the Cm vacuum variable condenser and its motor drive circuit 7-3 are added for 
the purpose. The motor drive circuit 7-3 is controlled by the controller 10. The 
example in drawing 3 adjusts Cr for only the amount of change in the inductance L of 
the coil, which is caused by inserting an inspection object into the coil. However, 
when an inspection object is inserted into a coil, the resistance loss r as well as L of 
the coil changes. This means that the r-value in Equation 2 changes and accordingly 
the impedance Z0 of a resonance circuit changes. Unless Z0 is in match with the 
output impedance of the RF pulse generator 3, reflection of power occurs too, and 
power is no longer effectively supplied to the coil. The magnitude of change in r can 
be adjusted with Cm, as evident in Equation 2; the optimization of the impedance 
matching capacitance Cm is carried out in the same manner as for Cr, after controlling 
Cr and tune the coil system into the frequency fO as shown in Drawings 1-3. The 
perfect tuning is thus enabled. 

[0020] As seen in Equation 1, fo is a function of Cr and Cm. Therefore, it is desirable 
to re-adjust Cr. However, since Cm value is generally several times larger than Cr, 
the small change in Cm does not affect fO much. Practically, sufficiently highly 
precise tuning is possible by adjusting Cr back after the Cm adjustment. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Drawing 1 is the schematic diagram of the inspection apparatus of this invention. 
Drawing 2 is the practical example of the system components of the inspection 
apparatus of this invention. 

Drawing 3 is the schematic diagram of the change in resonance point in this invention. 
Drawing 4 is another example of the system components of the inspection apparatus 
of this invention. 
[Description of Notations] 

1 Cylindrical Coil 

2 Load (inspection object, luggage) 

3 RF Pulse Generator 

4 Measuring Circuit 

5 Switch 

6 Tuning Circuit 

7 tuning control section 

8 Search Coil 

9 Measuring Circuit 

10 Controller 



